During a field investigation of acute conjunctivitis in the lower Rio Grande Valley of Texas bacteriological cultures were made from more than 100 cases. Bacteria of the genus Hemophilus, apparently the main cause of the infection, were isolated from the conjunctiva of approximately one-half of the cases. Some strains were readily identified as Hemophilus influenzae. The majority, although resembling H. influenzae in some respects, were found to be different from it and to be like the so-called Koch-Weeks bacillus described by early investigators (Koch, 1883; Weeks, 1886 Weeks, , 1887 and others) . The relation of the Koch-Weeks bacillus and H. influenzae has been the subject of much controversy and the two have been grouped as one species by many workers. In this paper the characteristics of the Koch-Weeks bacillus and ways of separating it from H. influenzae will be presented.
While investigating cholera in Egypt, Koch (1883) observed very small bacilli in the pus from the eyes of individuals having a benign form of conjunctivitis. Culturing was not attempted. Weeks (1886 Weeks ( , 1887 was the first to culture and describe adequately a bacillus from acute contagious conjunctivitis, which is generally considered to be the same as that observed microscopically by Koch. Morax (1894) , Kamen (1899) , and others confirmed these findings and made additional observations. An extensive review of the literature up to 1907 is given by Axenfeld (1908) .
In 1887 Kartulis observed a similar organism in a film and claimed cultivation on blood serum and agar-agar. His description of the cultured organism varies somewhat from that of others, and it has been considered by Morax (1894) , Weeks (1895) , Axenfeld (1908) , and Ali (1926) that he cultured an associated organism. Unfortunately Kartulis' description was widely used for the KochWeeks bacillus in early classifications of bacteria (Kruse, 1896; Chester, 1897 Chester, , 1901 Migula, 1900) . This has complicated the selection of the species name that has priority.
Shortly after Pfeiffer (1892) observed the influenza bacillus, Morax and Beach (1896) noted that its colonies and those of the Koch-Weeks bacillus were similar, but they considered that the organisms were different. Kamen (1899) noted further similarity and concluded that they should be placed in the same group. In a review by Axenfeld (1908) and in one by Knorr (1924c) divergent conclusions were reached. Axenfeld concluded that the bacteria differed in morphology, in MARGARET PITTMAN AND DORLAND J. DAVIS ability to grow on serum medium, and in epidemiology, whereas Knorr concluded that they could not be separated by morphology or by serology. The pertinent claims of the individual workers will be discussed in relation to our observations in the section to which they are relevant.
No definite criteria for differentiating the two organisms have been published; as a result, no doubt, the cultures were not properly separated in some studies; and the fact that all hemophilic bacteria isolated from the conjunctiva were designated as Koch-Weeks bacillus (Noguchi and Cohen, 1915) added to the confusion. It is therefore understandable that in taxonomies (Lehmann and Neumann, 1927; Bergey, 1939) and other works, e.g., Scott (1929) and Guyton (1940) , either the two organisms were grouped as one species or it was stated that there was no known way of separating them.
In our investigation, however, we have been able to glean sufficient information from the conflicting views to indicate that the organisms that we found to be different from H. influenzae are like the Koch-Weeks bacillus. In this paper the organisms designated as the Koch-Weeks bacillus will be referred to as K.W. Its morphology, colonial formation, rate of reproduction, reaction to external conditions, pathogenicity, and serum agglutination will be presented in comparison with those of non-type-specific H. influenzae and discussed in reference to the observations of other workers.
MATERIALS
Cultures. Twenty-eight strains of Koch-Weeks bacillus were used for the study. For comparison, 25 strains of H. influenzae were employed. All cultures were isolated by us from the eye of cases of conjunctivitis, the Koch-Weeks only in Texas and the others either in Texas or in the vicinity of Washington, D.C. The technique of isolation is given in another paper (Davis and Pittman, 1950) . Within 2 to 10 days after the cultures were isolated they were dried. Recently restored cultures were used when indicated. Stock cultures were transferred weekly in medium containing 0.15 per cent agar to the top of which 0.05 ml of peptic digest of blood (Fildes, 1920) had been added and held at 35 to 36 C.
In certain experiments some strains of Hemophilus parainfluenzae (one isolated from the eye), of H. influenzae not isolated from the eye, and of Hemophilus suis, which were obtained through the courtesy of Dr. R. E. Shope, were employed.
Media. Beef heart infusion was present in all media except for the one used in the nitrate reduction test. Both desiccated and freshly prepared media were used. Tryptose was present in the former and trypticase in the latter. Trypticase without infusion was used in the nitrate medium. Fildes' peptic digest of sheep blood was added in concentrations of 3 to 5 per cent to supply the growth factors X and V (hemin and codehydrogenase). For growth factor determinations, autoclaved broth containing the digest was used for X and yeast extract (Thjotta and Avery, 1921) for V.
Agar slants containing 1.0 per cent of the carbohydrate and Andrade indicator were used for the fermentation tests.
IDENTIFICATION OF KOCH-WNEEKS BACILLUS RESULTS

M3orphology
. Stained bacteria from 6-hour agar cultures of five strains of K.W. were measured. The average measurements per strain ranged from 0.26 to 0.33 ,u by 1.4 to 2.0 A. The minimum and maximum widths and lengths were 0.25 ,u and 0.5 ,u, and 1.0 ,u and 2.5 ,, respectively. For five strains of H. influenzae the range was from 0.42 to 0.46 ,u by 0.75 to 1.2 ,u with the minimum and maximum widths and lengths 0.3 ,u and 0.5 A, and 0.5 ,u and 1.5 A, respectively. With both species an occasional thread form was observed. The K.W. as a whole tended to be more slender and more elongated than the non-type-specific H.
influenzae; there was, however, overlapping in size. The type-specifie H. inftuenzae strains, which were also isolated from the eye (Davis and Pittman, 1950) (1894), Kamen (1899) , and others (cited by Axenfeld, 1908) .
The early workers considered that the K.W. Nwas a slender bacillus and that the influenza bacillus was coccoid (Axenfeld, 1908) . Subsequently it wvas shown that the morphology of H. influenzae was heterogeneous (Levinthal and Fernbach, 1922; Jordan and Reith, 1924) . Pesch (1921) and Hammerschmidt (1921) noted that a difference between the two bacilli wvas constant only in the primary film or the recently isolated culture. Knorr (1924a) (Pittman, 1931) . Weeks reported that the colony of his cultures had a pearly color with a glistening surface. Pesch (1921) and Knorr (1924a) noted that the colonies had a bluish sheen, as did the H. influenzae. The colonial resemblence of K.W. and H. influenzae has been consistently reported (Morax and Beach, 1896; Kamen, 1899; and others (cited in Axenfeld, 1908; Knorr, 1924a During their struggles to cultivate the bacillus from the eye several early workers were occasionally successful in carrying the culture for a few generations on agar containing serum or other body fluids, but they were most successful if another organism was present (Weeks, 1886 (Weeks, , 1890 table 2 it is shown that irregular killing of mice resulted from intraperitoneal injections of 6-hour-old K.W. cultures suspended in mucin. Two of the cultures, however, killed some mice in a dilution of 104. Specificity of death was determined by positive heart's blood cultures. Chick embryo. Two strains of K.W. and 3 strains of H. influenzae isolated from the conjunctivae were examined for their pathogenicity in the developing chick embryo. Serial dilutions of broth cultures were inoculated into the yolk sac of chick embryos at various periods of incubation. Cultures were made from embryos that died after incubation and from most of those that survived for at least a week.
Eight-day-old embryos died uniformly from the third to the fifth day following yolk sac inoculation of all dilutions of all strains including the 10-8 dilution, which contains not more than 10 viable organisms per ml. The organisms were cultured readily from all eggs. Some 11-day-old embryos died following inoculation but not uniformly through all dilutions. Organisms were recovered from those that died. Twelve-and 13-day-old embryos were relatively resistant to infection with both organisms, since only a few died, and they had been inoculated with the lower dilutions containing many organisms. Cultures of the yolk sac of surviving embryos rarely yielded the inoculated organism.
Two strains of the K.W. were successfully passed serially in the yolk sacs of 8-day-old chick embryos for 10 passages and in the allantoic fluid for 6 passages, before being discontinued.
Eye inoculations. The results of eye inoculations have been reported in two other communications Pittman, 1949, 1950) . Conjunctivitis with marked symptoms was induced in 6 of the 8 adult volunteers with a K.W. culture that at the time of the report had not been identified as K.W. and was referred to as Hemophilus sp. Conjunctivitis with mild symptoms was induced in 2 other adult volunteers with a culture of H. influenzae recently isolated from a case of conjunctivitis. No reactions followed the installation of either organism in the eyes of monkeys, rabbits, guinea pigs, mice, rats, or chickens.
Conjunctivitis was readily reproduced in man with the K.W. by the early workers (Weeks, 1886; Morax, 1894; Weichselbaum and Muller, 1899; Hoffmann, 1900; Luerssen, 1905; and others), whereas the eyes of rabbits, monkeys, dogs, guinea pigs, mice, and chickens were reported to be resistant to infection (Weeks, 1886; Morax, 1894; Kamen, 1899; Pesch, 1921; Hammerschmidt, 1921; and others) . Comparative inoculation experiments with the influenza bacillus, as it was called by the early workers, have been relatively few and are of little significance. Luerssen (1905) failed to infect man with an influenza bacillus, which he called "B. trachomatus," of Miller. Schmelzer and Eckstein (1933-1934) failed to kill mice by intraperitoneal injection and concluded that the K.W. was different from the influenza bacillus, although they did not inject mice with the latter.
Epidemiologically the two organisms were once considered to be different because conjunctivitis and influenza, then considered to be caused by the influenza bacillus, did not occur concurrently (Axenfeld, 1908) .
AGGLUTINATION
Antisera against 8 strains of K.W. and 5 strains of H. influenzae were induced in rabbits. Young cultures from agar slants killed with 0.5 per cent formalin were 1950] injected in small amounts on 4 consecutive days per week for 5 weeks. The titers of the sera ranged from 1: 640 to 1:2,560. Sera of higher titer were considered In the first part the reaction of each of the 8 cultures, used for immunization in each of the 8 antisera, is given. It may be seen that not all sera were capable of agglutinating all 8 cultures equally. The same was true for the remaining 20 cultures. The 180a strain antiserum, however, did agglutinate all strains, and it in tum was agglutinated in all 8 sera but in unequal titer. Further, each strain was agglutinated in a high dilution of one or more of the sera, with the exception of one, 178a, which was not agglutinated above 1:40.
It is of epidemiological interest to note that the 5 cultures (172a, 173a, 175a, 178a, and 179a), which were isolated from different individuals in the same family, reacted in a similar pattern in the sera.
All of the 28 K.W. strains appear to be related either directly or indirectly to each other. The cross-agglutination pattern suggests that there may be several antigenic components that are unequally distributed from strain to strain. There would have to be at least 3, and probably 4, components to explain the different combinations of reactions. On the other hand, it must be taken into consideration that the rabbits may not have responded equally to each component present in an antigen. Further, little is known about the structure of the cell or about dissociation. Nor is it known whether the agglutination response is due to a surface or a somatic antigen. The determination of the exact relationship of the strains must await the application of more refined serological procedures. (1905) claimed that the K.W. was agglutinated in normal rabbit serum, whereas the influenza bacillus was not. This was not confirmed (Knorr 1924a) . Pesch (1921) and Hammerschmidt (1921) biochemical and agglutination reactions. These bacteria resembled non-typespecific Hemophilus influenzae in some respects but differed in that they tended to be longer morphologically, their colonies in semifluid agar were usually more elongated, their rate of multiplication was slower, they did not form indole, they did not ferment xylose, and they caused no cross-agglutination reaction. In the following paper it will be shown that they agglutinated human red cells whereas H. influenzae did not.
On the other hand, the bacteria of this group were apparently like the bacilli originally described morphologically by Koch (1883) and culturally by Weeks (1886 Weeks ( , 1887 and later described by certain other workers. De-Toni and Trevisan, 1889) ; Bacillus conjunctivitidis (Kruse, 1896) ; Bacterium conjunctivitis (Chester, 1897) ; Bacterium aegyptiacum (Lehmann and Neumann, 1899) ; Bacterium conjunctivitidis (Migula, 1900) ; Bacterium aegyptium (Chester, 1901) ; Bacillus Koch-Weeks (Luerssen, 1905; Axenfeld, 1908) ; Bacillus weeksi (Neveu-Lemaire, 1921) ; Hemophilus conjunctivitidis (Bergey, 1923) . The first proposed name, aegyptius, was not accompanied by an adequate description, and the descriptions accompanying other proposed names were either inaccurate or too meager to identify the bacillus. Therefore on the basis of priority we consider that the species name of the Koch-Weeks bacillus should be aegyptius. It should be placed in the genus Hemophilus (Bergey, 1923) because of its growth requirements and other characteristics.
Conjunctivitis caused by Hemophilus bacteria is endemic in the southem United States and in other warm climates (Bengtson, 1933 
